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demand. Once the appropriate demand class is identified,

a Monte Carlo process is employed to simulate the specific

number and size of requisitions associated with a total
demand of D units. Block C of Figure VI-2 illustrates the
major steps in the Monte Carlo process. The procedure
begins by determining a random number X which is uniformly
distributed on the interval between 0 and 1. This is
conceptually equivalent to selecting a random percentile
from the cumulative probability distribution of average
requisition size. Next, the cumulative probébility distribu-
tion illustrated in Figure VI-1 was used to determine the
specific requisition size R associated with the random
percentile X. This was our tentative value for the first
requisition to be generated. We then check if the total
cumulative units generated so far exceeds D units. If the
cumulative units is less than D, the requisition generation
process continues as described above. On the other hand, if
the cumulative units exceeds D, the last requisition is
reduced. This is to ensure that the total number of units
requisitioned throughout the period exactly equals the amount
D recorded in the item history record. .

The above process determines a set of requisitions whose
total units equal the total demand recorded in the item
history record. To determine the time of arrival of each

requisition, it is assumed that arrival times were uniformly
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distributed throughout the gquarter. A Monte Carlo process
is then used to determine the specific arrival time for each
requisition generated. This is equivalent to assuming that
the time between arrivals is exponentially distributed within
a quarter.

To implement the above logic, subroutine DEMPAR is called
at the beginning of each simulated guarter. Subroutine

GETREQ is then called by DEMPAR to determine specific requisi-

tior sizes using the logic defined in Figure VI-2. DEMPAR

then places a type 1 (requisition) event on the Future Events
List (FEL) for each generated requisition. Finally, DEMPAR
places a type 13 event on the FEL to occur one quarter in

the future. This type 13 event triggers the next call to

DEMPAR.




Given D, the number of units
demanded in the current cuarter

1
Determine demand class associated
with D, using Table V-1.

I

Set j=1
and TR=1)

ot

Determine Rj, the size of requisition
j, by performing the following steps:

a. Determine a random number X
uniformly distributed on the
interval 0. to 1.0.

Use Fiqgure II-5 to determine
R, the requisition size associated
with the random percentile X.

Set Rj=P..

Record the cumulative units
generated so far, i.e. set
TR=TR+Rj

If the total units reaquisitioned

so far exceeds D, reduce Rj so that

the total units just equals D, i.ec.
If TRYD, set Rj=Rj-TR-D)

¥

D. Deternmine time of arrival for requisition j
assuming arrival times are uniformly distri-
buted throughout the quarter. )

N

Is the total demand generated
Yes \\\¥47 less than D? :::>

»

No

End of Demand Generation Process

Figure VI-2, The Demand Generation Proccss




CHAPTER VII. INPUT SPECIFICATIONS

As illustrated in Figure III~-2, INSSIM requires two
input files, File 05 and File 07. File 07 specifies the
characteristics of each inventory item to be simulated,
while File 05 specifies the number, size, and characteristics
of the simulation runs to be performed. Let us now consider
each of these files in detail.

FILE 05: SIMULATION RUN SPECIFICATIONS

Eight different parameter cards are required to specify
a given INSSIM simulation scenario. These cards provide

the following types of data:

Card Contents
1l Identification
2 Output Controls
3 Debug Flags
4 Input File Specifications
5 Management Methods to be Simulated
6 Management Parameters Required

by the computational methods specified
on card 5

System Cost Parameters

Simulation Size Specifications

[N |

Figure VII-1l presents a print back of a specific set of
File 05 input data. And this figure, labels on the left hand
margin identifies the FORTRAN variables associated with each
input parameter, while the specific numerical value assumed
by this variable is presented on the right. Brief definitions
of each of these input variables are presented in Table VII-l.

*Inputs to File 05 are specified in free-field BCD format. See page C-1,
Appendix C for an example,
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N VII-3
Table VII-l. Simulation Run Parameters (File 05)
Card Type 1. Run Identification
Variable Definition
IDENT - Run identification number g
TEXT Description of the current run
(up to 40 characters). The
description must be included
in quote marks.
Card Type 2., Output Controls
ITWRT If ITWRT = 1, call IRSLT to write

detailed simulation results for each
item to File 08,

ITOUT If ITOUT = 1, call OUT and QUTCST
to print summary statistics for
each simulation run.

IGRAPH If IGRAPH = 1, call PLOTR to plot
on hand, on order, requisition and
backorder data verses time.

IPUNCH . If IPUNCH = 1, write a brief summary
from MAIN after each simulation run.

Card Type 3. Debug Flags

IDEBUG If IDEBUG = 1, write all entries
E and removals from the Future Events
List.
IEBUG If IEBUG = 1, print all item input
data on File 06.
IFBUG If IFBUG = 1, print item forecast
; data from FOR576.
IGBUG If IGBUG = 1, write demand data
generated by DEMPAR
IHBUG If IHBUG = 1, write item levels

calculations from LEVELN.

Card Type 4. Item Input File Definition

INLU Logical unit number of item demand
data input file.
INTYPE - TFormat of item input file, where

1l = Free-Field BCD format,
2 = Binary Format




Card

Card

Card

Card

Type 5.
Variable

ICDFOR
ICDSIG

ICDEOQ
ICDSL

ICDSLL

ICDEBG

Type 6.
EOQMIN
EOQMAX
SLMIN

SLMAX
Type 7.
COSHLD
CSHORT (4)
COSORD (1)

COSORD (2)
CSTBRK

Type 8.
NRUN

INQTR

System Parmeters

VII-4

Inventory Management Codes

Definition

Forecast Formula Code used in
FOR57€ to estimate annual demand
rate ADR(N).

Formula code for estimating the
standard deviation of lead time
demand RSIGLT(N) in FOR576.

EOQ formula code used in LEVELN.
Safety level formula code used
in LEVELN.

Safety level limit code, used to
compute limits on the safety level
in LEVELN

Budget Guideline code

Formula code for forecasting
serviceable returns in FOR575.

Management Parameters

Minimum EOQ, in months supply.
Maximum EOQ, in months of supply.
Minimum safety level, in months
of supply.

Maximum safety level, in months
of supply.

Cost of holding one unit in inventory
for one year, expressed as a fraction
of the item's price.

Implied shortage cost. Four values
are provided as input, for use in up
to 4 sequential simulation runs.

Cost of processing a "small" order,
an order whose dollar value is less
than CSTBRK.

Cost of processing a "large" order.
Cost break-point used to differentiate
between large and small orders.

Simulation Run Parameters

The number of simulation runs to

be performed.

The number of quarters to be simulated
in each run.

|
|
¥
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Variable

NREPL
NITEM

NDHIS

e it il G AL
ViIi-5
Definition

The number of replications to be
perfomed within each simulation runs.
The number of items to be simulated
within each replication.

The number of quarters of information
on the item data file to be used to
initialize the simulation History File.
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Let us now consider each of these input cards in more detail.

CARD 1l: RUN IDENTIFICATICN

This card identifies the current simulation run. The

RUN ID is a numerical identifier which is recorded the

detailed simulation results file 08. This identifier makes !

A i S

it possible to identify specific simulation runs using auto-

TP

mated post-processing routines. The title simply identifies

in words the type of simulation exercise being performed.

CARDS 2 and 3: OUTPUT CONTROLS

- These two input cards specify the types of output products
which are to be produced during the simulation run. Card 2
specifies summary products to be printed or written to tape
files, while card 3 specifies specific debugging messages
that are to be printed during the conduct of the simula-
tion. Outputs specified by these parameters are discussed in
more detail in the Chapter VIII.

CARD 4: ITEM INPUT FILES

As noted above, item data is entered into INSSIM through

File 07. This input may be in one of two different forms:

(a) binary format or (b) free-field BCD format. Card 4
specifies which of these options is to be employed in the
current simulation run. BCD format is useful for the input
of ﬁanually prepared data sets for tesfing of new INSSIM

enhancements. On the other hand, binary input is useful for
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Table VII-2.

Variable

ALC
FSN

UCOST
UM
NOUN
MGTCD

IOH
IOR

IPPL
RIPPPR

IDEMND (N, J)
IRETUR (N, J)

IREQ (N, J)

VII-7

Item Input Data (File 07)

Definition

Air Logistics Center that manages this item
Federal Stock Numbers, where

FSN(l) = Material Management Code

FSN(2) = Federal Stock Class

FSN(3) = First six characters of the
National Item Identification
Number (NIIN)

FSN(4) = Remaining 3 characters of the

NIIN

Unit Cost of item in dollars

Unit of Measure (e.g. each, feet, ounces, etc.)
Item name

Item management codes, where

MGTCD(1l) = Essentiality code

MGTCD(2) = Supply management grouping
MGTCD(3) = Weapon system code
MGTCD(4) = Type computation code

Initial on-hand assets (units)

Initial on-order units (also know as
"due-ins")

Industrial Preparedness Production Leadtime
Industrial Preparedness Program Ratio

Number of units of demand for item

N during period J

Number of serviceable returns (units) for
items N in period J

Number of requisitions for item N in
period J

AV i e hanii
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production runs involving many iﬁems and many simulation
replications. Binary input is useful in the later case
because it generally executes much more rapidly than jobs
with BCD inputs.
Appendix A illustrates the format of INSSIM input
for binary runs. For binary runs, program DATAB2 is called
to reformat this data to a binary equivalent. Hence, DATAB2
serves as a preprocessor for the INSSIM MAIN program.
Figure VII-2 illustrétes a sample free-field BCD input
file to the model. Note the data is input in the same se-
quence as shown in Appendix A for binary inputs.

CARDS 5 AND 6: MANAGEMENT METHODS CARDS

. Together, cards 5 and 6 specify the calcuation

formulas to be used in computing inventory control levels,

and specify specific parameters to be used in these

- calculations. Subroutines FOR576 and LEVELN perform the

forecasting and inventory control levels calculations

specified by these cards.
The code ICDFOR specifies the calculation to be used |

in computing inventory position in subroutine STATN. Possible i

options are defined in AFLC/XRS Working Paper No. 73, by

R. J. Stevens, March 1974, and in the COMMENT Statements of

STATN. To simulate current D062 calculations, set ICDFOR = 1.




Figure

452$:DATA: 07
463 SM 12 34 567893 123
472 3333 666 6 359
482 11111223209
A98 Yt L 1222211
582 SM 11 55 66 17 EA 1.
5122224444133
5200 032080232320
5% 1 L1 12822110
5434
5503 ENDJ 0B

NOTE :

A R SR /
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VII-2. Sample BCD Item Input File

(File 07)

ST- 1 ‘ ' 2 2
Eé éa%@g gaiTG ITEMABCD@31 1| 4 R
111108 --RETURNS
221122 --REQUISITIONS
@3 TEST2- ITEMHI JK BB 1123
b 1L 00 ~~UNIT DEMAND
gluid e £ o .~~RETURNS
22 1182 : : --REQUISITIONS

For this data set, these are 16 periods of
demand history. Hence, to read this data,
Card 4 of File 05 should set INLU = 13
INTYPE = 1, and NDEM = 16.
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The code ICDSIG specifies the calculation formulas to
be used invcomputing average annual demand rates ADR(N) and
the standard deviation of demand in the lead time RSIGLT(N).
These calculations are performed by subroutine FOR576. Figure
VII-3 presents the currently coded computational formulas. .
At present, there are no options to these codes; the calcula=-
tion specified in Figure VII-3 will always be used.

In contrast to the forecasting formulas, there are several
options for EOQ and safety level calculations. These calcula-
tions are performed by subroutine LEVELN, and the codes
ICDEOQ, ICDSL, and ICDSLL specify the current computational
options.

Subroutine LEVELN has severai distinct computational
stages. The routine first computes an economic order
quantity Q according to the formula specified by the code
ICDEOQ. Figure VII-4 specifies the computational options.

The resulting value of Q is then limited to be no less than
EOQMIN monéhs of supply and no more than EOQMAX months of
supply. Further, if Q is less than 1, Q is set equal to 1.

With Q computed, LEVELN then computes the safety level,
SL, according to the formula specified by the code ICDSL.
Figure VII-5 specifies the current computational options.
Next, the safety level SL is limited according to the

computations specified by code ICDSLL. These options are
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Figure VII-3, Forecast and Standard Deviation
Calculation Fornulas used in
Suhroutine FOR576.

Nuarterlv Demand Rate:

1 N

E FORCST = 2: (Gross Demandn) - (serviceahle returnsn)
n=1

L N

E where ' eaquals the number of quarters of availahle data.

: Annual Denand Rate:

ADR(N) = 4, * FORCST

Averade Recuisition Size:

H

™

GROSS DEﬁAﬂDSn.

REOSIZ(11) = n =1
34
z FREQU;’:ZICITSn
. g n=1

OQuarterlyv MAD:

fr St sy

2|
MADq = Z |Actua1 Quarterly Demandn = 3 * MDR N
n=1

2o

where W number of quarters of data

=

Standard Deviation of TLead Time Demand

; SIG = 0.5945% MADO* (0.82375 + 0.42625*% Leadtime Months)




Figure V1I-4, Order Nuarterly Calculation Tornulas

N = Order guarterly
RMR = lMonthly denand rate (units)
ADR = Annnal demand rate (units)
ADDR = Annual dollar demwanc rate
COSORD(I) = cost to place an order, where
I =1 indicates small nurchise ani
I = 2 indica%tes large nurchase mathods
CSTBRK Dollar breakpoint distincuishinqg larcde aad
snall nurchase methods
COSHLD = Cost to hold one donllar of stock in invantonry
for on= vear
UC = Iten unit cost

The code ICHRON soecifies the followino forrulas.

ICHEON Calculation

1 If (ADDR 2 $5,090), 0 = 3% MR
If ($1,0790 € ADNDR % 45,999) O = 6* 10
Otherwise 0 ipaks e

ililson lot size formula

/b* CO307N (1) * ADR (M)
COSELD * UC Provided 0eC

Q =

Othervise,

2% COSORD(2) * EDR
0 = COSELD * UC

FEON Size Limits

For the order quantitv 0 computed ahove,

f 0> BOQMAX *RMR, set 0O EOOMAX * RIIR
f 0 <LEONIMIN *RMR, set O = BEOOMIW * RN
£0<l, set 0 =1
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Figure YII-5. GSafety Level Calculation Formulas
Let SL = Safety level :
RMR = Monthly demand rate (units)
RLT = Expected nurher of demrmands in a lead
time !
REOSI7 = Averadge requisition size
o = Standard deviation of demand in. the lead tine
The code ICDSL specifies the following forimilas.
ICDSL 3
Value Calculation ;
1 Safety Level equals one months supplvy
SI, = 1.* RMR
2 Safetv level equals 1/4 of expectel Jemand in
the lead time
Sk, = .25 * RLY
3 AFLCM 57-6 formula (July 19277) ,
i
. ' a) Let 7 =y/Average Requisition S5Sizs = fRNOSIZ 1
b) Compute X,
r'Im;_)lied i _
Shortadge 1 o . (1-7xp (=42 =09 /o)) .
"actor
X =0.707 X 18 r 5 g
Holding)‘ nit
2°lCost Cost 7 V2 roq
c) Finallv, SL = K * &
4 Presutti-Trepp formula to minimize ex»nected units
backordered. 3
Set 7 = 1. Then use formulas for ICNSI = 3
defined above.
5 Presutti-Trepp formula to ninimize expected requisitions

backordered.

- 3 AT

Set 7 = averaqgc requisition size = RFOSIZ.
Then use formulas for ICHSL = 3.
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described in Figure VII-6. Briefly, if ICDSLL equals 2,
SL is limited tc be no more than SLMIN months of'supply,
and no more than SLMAX months of supply. On the other hand,
if ICDSLL equals 1, SL is limited to be no less than SLMIN
months of supply, as before, and no more than the lesser
(a) three times the standard deviation of lead time demand,
or (b) the expected demand in a lead time.

Finally, the codes ICDBG and ICDSR idéntify calculations
to be employed in setting budget guidelines in predicting
future values for serviceable returns. These codes are not

currently utilized in the INSSIM model.

1

b
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Figure VII-G6. Safety Level Limit Calculations

5L = Safety level computed according to one
of the formulas spacified in Figure VII-5.

RMR = !Monthly demand rate.
RILT = BEBxnected demand in lead tinme.

SIG = Standard deviation of lead time denan
SIMI'T = Minimum safetv level in months of suponlry.
SLMAX = Maximum safetv level in months of s

()

The the code ICDSLY, specifies the followinag linit calculations.

ICDSLIL
YValue

Calculation

1

IE SJ, {SLMIIT * RN, set SI, = SLMIYT * RUw
If SL> RLT, set SL = RL®
If sL) 3* SIG, set SIL, = 3 * SIG

If SL < SLUEN * RIR, SLMIN * RMR

9]
0
ct
n
!
ll

SEHRY * RN

.
.
=
v

IF SL > SLMAX * RMR, set SL




Figure VII-7. Levels Caiculations
Currently Coded

Given ‘the results of the calculations defined in Fiqures
VII-3 through VII-G, the levels for item N are comnuted
as follows, and then rounded to the nearest integgr value.
Reorder Level: IROL(M) = RLT + SL

Order Quantity: IRQT(N) = 0

Termination Level: ITL(N) = A verv large numnher

Retention Level: IRL('1) = very lare number

Support Level: ISUL(N) = O,




. CARD 7: SYSTEM PARAMETERS

Card 7 defines cost pnarameters to be used in all simulation ;

\es = Lo

runs defined by the current set of parameter cards. The

variable COSHLD defines the cost of carrving one dollars
worth of stock in inventory for one year. The variable

CSHORT defines a shortage cost (a Lagrange multinlier) to be

used in up to four different simulation runs. Four different
b shortage costs must always be specified on this card. The

: : variable COSORD (I) defines the cost of placing an order

using the Ith procurement method, where I = 1 denotes small

. ordering methods, while I = 2 denotes the use of large

. - purchase order methods. Finally, the variable CSTBRK denotes
the cost breakpoint, that is, the dollar value of a single
buy, that distinguishes between small and large purchasc

order methods.

CARD 8: SIMULATION SIZE PARAMETERS

" This parameter card defines the size as the simulation

exercize to be performed. The variable NRUN defines the

specific number of simulation runs to be accomplished accord-

& ing to the eight parameter cards in the current set. NRUN

] cannot exceed four. The variable INQTR defines the number of
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quarters to be simulated, while NREPL defines the number of
replications of the simulation (each for INOTR quarters) to

be performed by summary statistics are printed. NITEM

U —————————

defines the number of items to be included in a single

inventory simulation replication. With present coding, ‘
NITEM should always equal 1. Finally, NDHIS defines the

? ‘ number of quarters of data provided as input that are to be

i used for initializing the INSSI!M history files. At present,
NDHIS should not exceed a value of 8. In addition, the total ;
of INOTR and WDHIS cannot exceed the value oif NDL!M, the total

number of quarters of data provided as input to the system,

Figure VII-8 illustrates the relationships among the
variables RDIIS, IUNTR, and NDRIMI, The figure illustrates the
case in which there are 24 quarters of data read as input 1

through File 07; that is, NDE! = 24, Eight of these data values

are used to initialize the Item liistory File (NDHIS = 3).
: Finally, in this example the simulation proceeds for 12 quarters,

beginning with the ninth quarter of data read from File 07, and

Mo

; ending with the 20th quarter. Data for quarters 21 through 24 :ﬂ

are not used in this example. i

This concludes our discussion of input paramcters to the  §

1 INSSIM model. In the next chapter, we will discuss output

products produced by the simulation model.
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i

i . L NDEM = 24

. 8
-
1—
-+
E

s 1
N

-1—

-t
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) 4 " 1 3
TR e L 1

o
f<— NDHIS=8—,+<——INQTR= —_,, . ';

e
-
=
.
-
o
= N
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Figure VII-8, Illustration of Relationships Among Variables
NDHIS, INQTR, and NDEM.
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CHAPTER VIII. OUTPUT PRODUCTS

As discussed in Chapter VII, specific output products
produced in a given INSSIM simulation run are specified
by input parameters defined on cards 2 and 3. There are
two basic categories of outputs: (a) summaries of sim-
ulation results, and (b) debugging aids. The latter cate-
gory of outputs are particularly useful in the development
of enhancements to the INSSIM simulation model. Let us
now consider each of these types of output products in
more detail. :

Results Summaries

Result summary products are specified by input para=-
meteré defined on card 2. If the parameter ITWRT = 1,

. detailed results are written as output in binary to File
08 for each item simulated. The format of File 08 is
defined in appendix D of this report. This file is par-
ticularly useful for conducting invplved post=processing
calculations using statistical packages such as SPSS or
OMNITAB.

Another summary products are the tabular displays
and graphical outputs discussed in Chapter III. These
products are illustrated in Figures III-9 through III-13
and will not be discussed further here. The tabular
summaries are produced when the parameter ICUT = 1, while

the graphical outputs are produced when the parameter

IGRAPH = 1. '




VIII-2

In developing INSSIM enhancemehts, the voluminous

tabular summaries and graphical outputs are usually not

necessary. Consequently, another form of summary statis-

tics has been developed; this abbreviated output is illus-

trated in Figure VII-l. This output product specifies key

performance statistics of particular interest in most

inventory simulations. This output is produced whenever

the parameter IPUNCH = 1.

Let us now discuss debugging options available in the

model.

Debugging Aids

Card 3 specifies the values of five debug flags and two

"trace" variables that are useful in debugging INSSI!

enhancenents. Let us consider the meanings of each of

A Y A Y i e U

these input parameters.

IDBUG. If the input parameter IDBUG = 1, a message
will be printed each time an event is entered or removed
from the future events list. Consequently, this option
will provide a listing of every event that takes place
during a given INSSIM simulation run. Figure IV-1l illus-
trates the format and variable definitions associated with
these event messages. In addition, when IDBUG = 1, stock 3

status information is printed each time that subroutine

STATN is called. The format of this output is illustrated

in Figure VIII-2, As shown in the figure, this output

message identifies the number of units that are on-hand,
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